Summary We reported in the previous paper (FUJINO et al., 1961 ) the phenomenon that, after the completion of immersion in a hypertonic glycerol-Ringer, fibers of frog skeletal muscle give a selective inhibition of contraction in the presence of action potential. In the present paper, the original results on this description are presented, and several observations on the mechanism of the phenomenon are also given : (1) A quite similar phenomenon occurs when urea is substituted for glycerol, indicating that the phenomenon can be produced regardless of the kind of non-electrolyte used; (2) an inhibition of contraction due to the addition of glycerol followed by its removal is observable in crab leg muscle fiber and in frog stomach, where it occurs relatively obscurely, but it is not found in heart ventricle of frog. From the present results and other experimental observations by us, it is deduced that the phenomenon can occur widely in various kinds of muscle cell regardless of whether the transverse tubule system exists or not, two factors are considered to be essential for the appearance of the phenomenon : (1) penetrability of the substance or non-electrolyte used through 'membrane' system, which might be in contact with extracellular fluid and (2) osmotic pressure.
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Ten years ago we used non-electrolytes in the study of the mechanism linking excitation of plasma membrane with contraction and found a phenomenon, ' glycerol effect', which consisted of two partial phenomena : The first occurred in hypertonic glycerol-Ringer and the second did in Ringer subsequently restored to normal (FUJINO et al., 1961) . Namely, if a single muscle fiber from frog skeletal muscle is immersed in a Ringer containing a high concentration of glycerol, say about 400 mm, the twitch declines and then begins to recover (the M. FUJINO, T. YAMAGUCHI, and S . FUJINO first phenomenon) ; if normal Ringer is then restored, a selective inhibition of contraction in the presence of action potential occurs (the second phenomenon) . Many workers have paid attention to the 'glycerol effect,' especially the second part and pointed out the significance of this in muscle physiology (e.g., JENDEN, 1967 and EISENBERG and GAGE, 1967; EISENBERG and EISEN-BERG, 1968; GAGE and EISENBERG, 1969; SAKAI et at., 1970; TAKEDA and OOMURA , 1969) . Our work done on 'glycerol effect' in this decade is divided into two aspects; one relates to the recovery of contractility in the selective inhibition of contraction observed in restored normal Ringer and its significance in muscle contraction (FUJINO, 1971; FUJINO and YAMAGUCHI, 1972) , and the other , which is given in the present paper, concerns mainly the mechanism of this selective inhibition of contraction. An outline of this paper was separately presented at the 187th Tokyo-Regional Meeting (March 27 , 1970) of and the 46th (April, 1969; Tokyo) and 47th (April, 1970; Tokyo) Single electric shocks, which were obtained from a electronic square-pulse generator, were given for stimulation (single fibers and whole muscles of frog, 0.5 msec; heart ventricle strips of frog, 1 msec; frog stomach strips, 500 msec; crab muscle fibers, 100 msec). Stimulation was done by means of a pair of Ag-AgC1 electrodes (external and external, frog materials; external and intracellular-longitudinal, crab muscle fibers). For evoking potassium contracture, normal bathing fluids were replaced by potassium bathing fluids (see below).
To test caffeine contracture, desired concentrations of caffeine were added in the potassium bathing fluids.
Normal bathing fluids used were as follows : Ringer A (for single muscle fibers of frog) contained 122 mM NaCl, 2 mM KH2PO4, and 1.3 mM CaCl2 and was buffered to pH 7.4 with NaHCO3; Ringer B (for whole sartorius muscles and stomach strips of frog) contained 110 mM NaCl, 2.5 mM KCl, and 2.5 mM CaCl2 and was buffered to pH 7.0 with NaHCO3; Ringer C (for heart ventricle strips of frog) contained 110 mM NaCl, 2.7 mM KCl, 1.8 mM CaCl2, 2.5 mM NaHCO3 to make pH 7.0 and 2.7 mM D-glucose; artificial sea water (for crab muscle fibers) contained 510 mM NaCl, 13 mM KCl, 24 mM MgC12, 24 mM CaCl2, and 2.6 mM NaHCO3. To prepare potassium bathing fluids for evoking potassium contracture, potassium was substituted equivalently for all sodium in the normal bathing fluids. In the experiments on heart ventricle strips, the bathing fluids were oxygenated by the bubbling of a gas mixture of 95 % O2 and 5 % CO2 in volume.
RESULTS
'Glycerol effect' in single muscle _fiber of frog Figure la and b are the original results on our previous description (FUJINo et al., 1961) and show that, after the completion of immersion in a Ringer containing 420 mM glycerol, fibers show a selective inhibition of contraction in the presence of action potential. In this phenomenon, the negative after-potential fails or is very small, and both the ability to produce the negative after-potential and the contractility diminish very quickly with the lapse of time after the restoration of normal Ringer (lower two rows of figures).
Effect of hypertonic urea-Ringer on the contractility of single muscle fiber of frog Figure 2 shows the original results on urea-experiments done to test whether the selective inhibition of contraction in the presence of action potential is specific to the use of glycerol. The figure demonstrates that the production of the phenomenon is common to a group of non-electrolytes. Also the general behavior T. YAMAGUCHI, and S. FUJINO in action potential of the case of urea, which has been presented briefly (FUJINO, 1971; FUJINO and YAMAGUCHI, 1972) , is quite similar to the case of glycerol.
The mechanism of selective inhibition of contraction in restored normal Ringer 1. Frog sartorius muscle. Of course the phenomenon in question is recognizable in whole skeletal muscle of frog (Fig. 3) , though both time-course and grade of the contractility are mild in general, perhaps due to participation of many fibers and to the existence of intercellular space between fibers and the bathing fluids. Figure 4 represents the time-course of the disappearance of contractility observed after the restoration of normal Ringer. The results leading to the deduc-T. YAMAGUCHI, and S . FUJINO tion that an inhibition of the process linking excitation of the plasma membrane with contraction is responsible for the reduction of contractility are summarized in Fig. 5 , which shows that, under conditions of inability to produce contraction , potassium-induced contracture is markedly inhibited, while caffein-induced contracture appears almost normal.
Also in the case of substitution of urea for glycerol, caffein can induce vigorous contracture under conditions of inhibited contractility, using single fibers of frog skeletal muscle (FUJINO, 1971) . 2. Crab muscle fiber. We obtained, furthermore, results showing that leg muscle fibers of crab behave almost as skeletal muscle of frog, not only in hypertonic glycerol-saline, but also in saline subsequently restored to normal (Fig. 6) ; namely, contractility decreases and then begins to recover in artificial sea water containing 1 M glycerol and is reduced in the restored normal saline. Also potassium con- tracture is inhibited in the presence of caffein contracture, under the condition of the restored normal saline. 3. Heart ventricle muscle and stomach muscle of frog. In order to know whether or not the above-mentioned behavior of contractility in response to im- Unlike the heart ventricle of frog, contractility in frog stomach seems to be considerably similar to that of frog skeletal muscle, though the general feature of the change in contractility is somewhat obscured. Figure  8 demonstrates this observation and shows that, upon immersion in glycerol-Ringer, mechanical response to single electric shock decreases at first and then begins to recover, although the time-course of the contractility is not always distinct due to a change The upward, straight deflections are traces of isometric contraction due to single electric shocks.
At K, normal artificial sea water was replaced by potassium artificial sea water. Fig. 7 . Twitch responses of heart ventricle strip of frog in both 2 M glycerol-Ringer and Ringer subsequently restored to normal.
in the resting level of tension. Upon the restoration of normal Ringer, the contractility is again remarkably inhibited and then restored gradually.
Since the recovery of the contractility in restored normal Ringer is observable also in the case of frog skeletal muscle, (FUJINO, 1971; FUJIN° and YAMAGUCHI, 1972) , it could be said that frog stomach muscle behaves as skeletal muscle with respect to the contractility change in response to immersions not only in glycerol-Ringer but also in Ringer subsequently restored to normal. Ringer subsequently restored to normal. The strip was immersed in Ringer containing 1 M glycerol for 80 min. At arrows without letter, single electric shocks were given; at arrow with K, normal Ringer was replaced by potassium Ringer; 5 mm caffeine were added. In the figure, deviation of level of the resting tension are recognized.
DISCUSSION
One of the reasons why we have introduced glycerol into the physiological study of living muscle cells is based on our past observation (FUJINO et al., 1960) : electrical stimulation, even in very low intensity, was able to produce an enhancement, although a very slight one, of the rate and the size of adenosine triphosphateinduced contraction of glycerinated muscle fibers. The phenomenon was considered to suggest (FUJINO et al., 1961; also FUJINO, 1972 ) that a system, presumably with membraneous components, which converts an electrical event into a chemical process, exists 'within' muscle cell ('inner synapse') and remains partly intact under the condition of glycerol-disintegrated state of plasma membrane, and that, therefore, glycerol has a differential action on various membrane systems of muscle cell such as plasma membrane, transverse tubules, sarcoplasmic reticulum and others. Other reaons why we have introduced glycerol or non-electrolytes has been described also in the paper by FUJINO et al., 1961. The reason for the use of a concentration of about 400 mM of glycerol was to avoid injurious or indiscriminate action of higher concentrations and no or too small action of lower concentrations (also in FUJINO et al., 1961) .
The deduction from the present results on frog skeletal muscle is that a change or a deterioration in the mechanism linking excitation of the plasma membrane with contraction is responsible for the reduced contractility which occurs with the restoration of normal Ringer. Recently, HOWELL and JENDEN (1967, 1969) and EISENBERG and EISENBERG (1968) have noticed and developed our thesis; the noticeable point in their results being that the striking change, which they have termed a disruption, of transverse tubules is found to be caused by our procedure of glycerol-treatment followed by the restoration of normal Ringer. Their observations not only agree with our deduction mentioned above but also explain quite well the phenomenon of selective inhibition of contraction in the presence of action potential. It could, thus, be said that this pehnomenon is direct evidence of the significance of the transverse tubule system in the inward spread of excitation of the plasma membrane of the cell surface.
As mentioned already in the section of Results, the inhibition of contractility when immersed in restored normal Ringer is not specific to glycerol but common to some group of non-electrolytes. Therefore, it could be said that the mechanism of this phenomenon is osmotic in nature, and that it is the size and/or shape of the non-electrolyte molecules that determines the behavior of transverse tubules. Two factors would therefore be important in producing the phenomenon : (1) the penetration of non-electrolyte molecules through 'membrane'
(factor of penetrability of molecules), and (2) a deformation of the tubules due to an osmotic influence under the condition of restored normal Ringer (factor of osmotic pressure). Why and how the transverse tubules are deformed and disappear almost without observable effects on other sites of muscle cell remains, however, still to be solved.
From the results (Figs. 1, 2, 3, 6, 7, and 8), it could be summarized that, whenever contractility recovers in hypertonic non-electrolyte-salines, contractility can then be reduced in salines subsequently restored to normal. This deduction is considered to be rather natural because the recovery of contractility in hypertonic Ringer or salines indicates the entry of non-electrolyte molecules into a strategic site of muscle cell. The non-electrolyte molecules can exert an osmotic influence in the restored normal Ringer or salines.
As has been mentioned in Fig. 2 , disappearance of contractility in restored normal Ringer is found also in the case of urea. We have developed this case and found that contractility can be reduced in the presence of transverse tubules, of which lumen shrinks, and that contractility can be recovered completely, sometimes from the disappeared state of contractility (FUJINO, 1971; FUJINO and YAMA-GUCHI, 1972) . This suggests that even the disappearance of contractility due to the procedure of pretreatment with non-electrolytes can occur under the condition of tubular diameters below a critical value.
Apart from the problem of the behavior of the transverse tubule system, the other point of interest in this paper is that a reduction of contractility due to pretreatment with glycerol-Ringer is recognizable in frog stomach. Generally, smooth muscle cell is considered to lack structural components such as the transverse tubules of skeletal muscle cell (e.g., BURNSTOCK, 1970) , and, in smooth muscle, action potential is affected only slightly due to the hypertonic medium, and the effect is completely reversible (TOMITA, 1966) . It is, therefore, supposed that the reduction of contractility of frog stomach in restored normal Ringer is due to an inhibition of a process which links excitation of plasma membrane with contraction. This might have a role similar to the transverse tubule junction system of skeletal muscle cell. We found recently even typically in heart ventricle of frog, which lacks transverse tubules (CHAPMAN, 1971; STALEY and BENSON, 1968) , a phenomenon such as in the case of frog stomach mentioned above ; namely, we observed there a reduction of contractility in the presence of a normal action potential under the condition of restored normal Ringer (this observation will be presented in the near future and see FUJINO , 1972) . It could thus be said that the selective inhibition of contractility in the presence of action potential due to pretreatment with glycerol or non-electrolyte Ringer (or salines) is generalized among various kinds of muscle cell and appears regardless of whether the transverse tubule system exists or not. What is the process or the structure responsible for the reduction of contractility in muscle cell lacking transverse tubules remains to be solved.
